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VO 

Professor DE VRIES in his recent work "Grnppenweise Artbildung", 
1913, has published data of the highest interest to the experimental 
workers with Oenothera and to breeders in general. I refer at this time 
especially to the remarkable differences exhibited by certain hybrids of 
reciprocal crosses, and to the extraordinary results reported when the 
reciprocals are crossed with one another to give double reciprocal, and 
with the parent stock to give sesqnireciprocal and iterative hybrids. 

The striking peculiarity of the reciprocal crosses is their marked 
differences from one another and their great resemblance in certain 
characters to the pollen parent making them in these features strongly 
patroclinous. Breeders have, of course, for many years recognized the 
phenomenon of prepotency on the part of individuals and to a certain 
extent of species and races when crossed, but DE VRIES has brought 
forward cases in which species to a very marked degree exhibit prepo- 
tencies over others when they are the pollen parents of the hybrids. 
Breeders had before known that reciprocal crosses are not always ident- 
ical as to their characters, but general experience had led them to 
expect similarity whereas in this material of Oenothera DE VRLES has 
found very striking differences. Furthermore, DE VRIES reports that 
when certain reciprocal hybrids of Oenothera are crossed with one another 
~o give double reciprocals a uniform progeny appears which carries un- 
affected almost all of the characters of one of the original parents. 

The behavior of reciprocals and double reciprocals outlined above 
is best illustrated by material that seems likely to stand as classical 
in the field of genetics. Oenothera bienni~ pollinated by O. muricata 
gives a uniform F1 generation so strongly patroclinous with respect to 
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most of its characters that DE VRIES presents a formula b X m-~-m.  
The reciprocal of this cross, muricata pollinated by biennis also gives 
a uniform F~ generation, in most of its characters so strongly patrocli- 
nous that the situation is expressed by DE VRIES in the formula m X 
b ~--b. The double reciprocals present two possible arrangements 
(muricata X biennis) X (biennis X muricata), and (biennis X muricata) X 
(muricata X biennis). DE VRIES states that the double reciprocal crosses 
give plants with characters almost wholly of the parent whose position 
is peripheral in the formula. The characters of the parent in the 
center of the formula almost wholly disappear in the double reci- 
procal hybrids. Shortly expressed the results, according to DE VRIES, 
justify the equations (m X b) × (b X m) ~ m, and (b X m) X (m X b) ----- b. 

On the appearance of the preliminary paper of OE V~ms in 1911 
I made plans to repeat his crosses between biennis and muricata and 
in my studies with other species of Oenothera t o  grow reciprocals and 
double reciprocals that further data might be available on the interesting 
problems presented. I can now report on reciprocal crosses involving 
four different sets of parents two sets of which have not been studied 
by DE V~ES. They are the reciprocal crosses between (1) biennis and 
muricata, (2) biennis and franciscana, (3) biennis and grandiflora, and 
(4) biennis and gigas. Discussion of the problems involved will be found 
in the separate accounts of the hybrids. 

(1) Reciprocal Crosses between Oenothera b iennis  Linnaeus and 
O. m u r i c a t a  Linnaeus. 

The parents species of these crosses have been grown in my experi- 
mental garden for the past three years and originally came to me through 

seeds kindly supplied by Prof. DE VRIES. They are then the types which 

:: 0 0 o o :: 
Fig. 1. Cotyledons. Showing the hybrids of 
biennis and murieata in certain respects inter- 
mediate between the parents although in the 

main patroclinous. 

DE VI~IES employed in his ex- 
periments and their hybrids have 
agreed in essentials with the 
hybrids obtained by DE VRIES. 
Consequently my studies in gen- 
eral confirm the data reported 
by DE V~ES although I am in- 
clined to lay a different emphasis 

on the conclusions or interpretations based upon the results. 
Oenothera biennis of Holland is a species so f a r  known to the 

American botanists only through plants or their descendants grown from 
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seed brought from Europe. It  is a plant clearly distinct from the forms 
described as biennis in the American systematic manuals as all American 
workers on Oenothera in the experimental gardens know. BARTLETT ('13) 
has discussed the characters of this plant and given strong reasons why 
it should be regarded as the form known to LINNAEUS as Oenothera 
biennis and consequently to be regarded as the type form of the species. 

Fig. 2. Young rosettes. Those of biennis and ~turicata are of the same age hut about 
four weeks younger than the hybrids. Those of the hybrids, although strikingly dissimilar 

to one another and patroclinous, present evidence of the influence of both parents. 

In former papers I have spoken of it as the Dutch biennis and in my 
cultures I have called it biennis H to distinguish it from American 
plants, biennis A and biennis D, which have been employed in my crosses 
with 0. grandiflora. We now know that my plants, biennis A and 
biennis D, are species distinct from the Dutch plant (biennis H). The 
species Oenothera biennis Linnaeus is very old having apparently been 
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on the sand dunes of Holland since pre-Linnaean days and no species 
of Oenothera is more free from suspicion of gametic impurity:. American 
forms of Oenothera with points of strong resemblance to the Dutch 
biennis have recently been found but an exact duplicate has not as yet, 
so far as I am aware, been discovered. However, it seems not unrea- 
sonable to expect that such a type will eventually be isolated from 
among the many allied species and races that grow in America. 

Fig. 3. Rosette of biennis, nearly maturer showing the close cluster of broadly- 
elliptical~ crinkled leaves. Contrast with Figs. 4 and 5~ muricata. 

Oenothera muricata in the accounts of DE VRms refers to a plant 
with taxonomic features quite as characteristic as those of O. biennis 
Linnaeus. There is no possibility of confusing the two species. 
Oenothera muricata has also been in Holland for a long period although 
not so long as O. biennis. We have it in America represented by a 
series of forms very closely related and apparently widely distributed. 
I have grown plants from Woods Hole, Massachusetts, side by side with 
plants of Dutch origin and have found only minor differences, and 
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DE VRtES ('13, p. 37) reports the presence of closely related races at a 
number of stations in the middle west. I am informed that the application of 
the name Oenothera muricata Linnaeus is more difficult than that of 
Oenothera biennis Linnaeus, but it will be most unfortunate if the name 
cannot be held for this plant which has taken and will continue to take 
a very important place in the literature of experimental morphology. 

Fig. 4. Rosette of +nuricata, nearly mature, showing the loose cluster of narrow- 
elliptical, plane leaves. Contrast with Fig. 3~ biennis. 

To bring the chief taxonomic features of 0. biennis and O. ~nuricata 
clearly before the reader I shall first describe the two species in parallel 
columns selecting the characters that stand in sharpest contrast so that 
these may be compared with one another and with the conditions presented 
by the reciprocal crosses. The descriptions are of plants started under 
glass during the winter and in the spring set out as rosettes in the 
experimental garden. 
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Oeno tkera  b iennis  L.  
Cotyledons 1). 6--7 ram. long, broad at the 

base and tapering to a rounded point 
(Fig. 1, biennis). 

Young rosettes. A close cluster of short- 
petloled, broadly-dliptlcal or ovate leaves 
(Fig. 2, biennis). 

O e n o t h e r a  m ~ t r i c a t a  L .  

Cotyledons1). About 5 ram. long, broadly 
elliptical, cat away at the base (Fig. 1, 
muricata). 

Young rosettes. A loose cluster of long 
petioled, narrow-elliptical or spatulate 
leaves (Fig. 2, muricata). 

Fig. 5. Rosette of ~nuricata from a biennial plant, exhibiting the extreme development 
of long, narrow leaves. Contrast with Fig. 3, biennis. 

~[ature rosettes2). 3"5--4 din. broad. A 
close duster of broadly-elliptical leaves 
tapering to relatlvdy short petioles, 
crinkled (Fig. 3). Rosettes of biennial 
plants develop much larger and broader 
leaves. 

mature rosettes~). 3--3"5 din. broad. A 
looser cluster of narrow-elliptical leaves 
tapering to relatively long petioles, plane 
(Fig. 4). Rosettes of biennial plants devel- 
op much longer and relatively narrower 
leaves (Fig. 5). 

~) The cotyledons are measured on %he appearance of the first leaf as a small 
triangular structure. 

') Rosettes are considered as "mature" when they begin to send up their central 
shoots. 
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Mature plants. About 1 m. high. Central 
shoot surrounded by numerous long side 
branches from the rosette, almost equal 
to the central shoot in length and vigor, 
tips of branches straight (Fig. 6) 

Foliage. Leaves broadly-elliptical, ob- 
scurely serrate, almost plane (Figs. 6, 8). 
Color grass-green. 

Inflorescence. Bracts 1/+--1/2 length of ma- 
ture buds, relatively broad (Figs. 8, 16). 
Younger buds projecting beyond the 
bracts (Fig. 8). 

Mature buds. 5"5--6 cm. long. Cone 
2--2 '3 cm. long, less strongly 4-angled. 
Sepal tips long and slender (Fig. 16). 
Pubescence of sepals and ovaries pilose 
and puberulent. 

Petals. 2--2"3 era. long, a darker yellow. 
Stigma lobes. 4--5 ram. long, more slender, 

generally about 3 ram. below the tips of 
the anthers. 

Capsules. 2--2"3 era. long. A large yield 
of seeds. 

Mature plants. About 1"3 m. high. Central 
shoot surrounded by a smaller number of 
side branches from the rosette, much 
shorter and less vigorous than the central 
shoot, tips of branches natant (Fig. 7). 

Foliage. Leaves narrowly-elliptical, irre- 
gularly toothed, rcvohte or keeled (Figs. 
7, 9). Color blue-green. 

Inflorescence. Bracts s/4--7/s length of 
mature buds, relatively narrow (Figs. 9, 
16). Bracts projecting beyond the younger 
buds (Fig. 9). 

Mature buds. 4"5--5"5 era. long. Cone 
1'1--1"3 era. long, more strongly 4-angled. 
Sepal tips shorter and thicker (Fig. 16). 
Pubescence of sepals and ovaries more 
pilosc. 

Petals. 1--1"3 cm. long, a lighter yellow. 
Stigma lobes. 2--3 ram. long, thick, gene- 

rally 1--2 ram. above the tips of the 
anthers. 

Capsules. 2 '5--3 era. long. A large yield 
of seeds. 

The reciprocal crosses between biennis and muricata were made in 
1919 and the cultures grown in the following year. The capsules on 
the mother plants following the crosses were large and yielded a liberal 
supply of seeds. The seeds of biennis X muricata gave, however, a 
small percentage of germinations after being 6 weeks in the seed pans, 
it being necessary to sow the contents of 5 capsules, 675 seeds, to 
obtain 139 plants. Of these 92 plants were brought to maturity 1) 
constituting culture 13'33, biennis X murieata. The seed of rnuricata X 
biennis germinated readily and the contents of 3 capsules, 153 seeds, 
gave 107 plants of which 78 were brought to maturity 1) constituting 
culture 13"34, muricata X biennis. Each culture was perfectly uniform in 
its characters except that in 13"34 a single dwarfish plant appeared which 
was completely sterile when selfed. The characters of these reciprocal 
crosses will be given in parallel columns that their points of resemblance 
to the parents and of sharp contrast to one another may more readily 
be noted. The cultures were grown side by side with the parent stock 
in the experimental garden. 

1) The remaining plants furnished herbarium material of stages in the develop- 
ment of the seedlings and rosettes. 
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18"847 m u r i c a S a  X biennis .  

Cotyledons. 6--7  ram. long as in biennis, 
but not so broad at the base, tapering to 
the petiole (Fig. 1, m X b). 

18",~,~ b tennis  X mu~ica ta .  

13otyledons.. About 5 mm. long as in muri- 
cata, but not so conspicuously cut away 
at the base (Fig. 1, b X m). 

Fig. 6. Mature plant of blennis. Showing the numerous side branches from 
the rosette; a foliage of broadly-elliptical, almost plane leaves; tips of branches 

generally straight. Contrast with Fig. 7, muricata. 

Young rosettes. Leaves broadly-elliptical, 
intermediate between the parents (Fig. 2, 
muricata X biennis). 

Rosettes smaller than those of the pa- 
rents of corresponding age. 

Mature rosettes. 3--3 '2 din. broad. A 
close cluster of broadly-elliptical leaves, 

Young rosettes. Leaves elliptical as in 
~nuricata but not so narrow (Fig. 2, 
biennis X muricata). 

Rosettes smaller than those of the 
parents of corresponding age. 

Mature rosettes. About 2"5 din. broad. 
A close cluster of narrow-elliptical leaves 
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the younger tapering to relatively short 
petioles, crinkled (Fig. 10). 

Rosettes resembling more closely those 
of biennis and therefore patroelinous 
(compare Fig. 10 with Fig. 3). 

tapering to relatively long petioles, plane 
(Fig. 11). 

Rosettes similar to those of murieata 
and therefore patroclinous (compare Fig. 
11 with Fig. 4). 

Fig. 7. Mature plant of muricata. Showing branches from the rosette 
less numerous and relatively shorter than in biennis; a foliage of narrow- 
elliptical, revohte or keeled leaves; tips of branches frequently nutant. 

Contrast with Fig. 6, biennis. 

Evidence of a blend in the varied forms 
of the leaves~ relatively not so broad as 
in biennis. 

Rosettes markedly smaller than those 
of the parents. 

Evidence of a blend in leaves, less 
clearly toothed and somewhat broader 
than those of murieata. 

Rosettes markedly smaller than those 
of the parents. 
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Mature plants. 0"8--1 m. high, few or no 
long side branches from the rosettes in 
sharp contrast to the parents (Fig. 12). 

Tips of branches generally straight 
(patroelinous). 

Mature plants. 1"1--1"2 m. high, no long 
side branches from the rosettes in sharp 
contrast to the parents (Fig. 13). 

Tips of branches frequently nutant 
(patroclinous). 

Fig. 8. Inflorescence of biennis. Showing younger buds projecting beyond the 
bracts which are relatively shorter than in muricata; large flowers. At  the left 
is a leaf from near the base of the main stem~ its margin obscurely serrate. 

Contrast with Fig. 9, ~nuricata. 

Foliage. Leaves broadly-elliptical and 
almost plane as in biennis (patroelinous), 
but showing evidence of a blend in being 

Foliage. Leaves narrow-elliptical and revo- 
lute or keeled as in muricata (patro- 
clinous), but showing evidence of a blend 
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irregularly toothed and relatively not so 
long or so broad (Figs. 19~ and 14). 

Color generally grass-green, but vari- 
able, darker over older portions of the 
plants. 

in being obscurely toothed and relatively 
somewhat longer and broader (Figs. 13,15). 

Color generally blue-green, but vari- 
able, lighter over younger portions of 
the plants. 

Fig. 9. Inflorescence of muricata. Showing bracts projecting beyond the younger 
buds and relatively longer than those of biennis; small flowers. At the right is 
a leaf from near the base of the main stem, its margin irregularly toothed. 

Contrast wtth Fig. 8, biennis. 

Inflorescence. Bracts '/s--3/~ length of 
mature buds, resembling muricata (Fig. 
16, rn X b), in form variable showing 
evidence of a blend. 

Inflorescence. Bracts I/3--i/2 length of 
mature buds, resembling biennis (Fig. 16, 
b X ~n)~ in form variable showing evi- 
dence of a blend. 
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Bracts projecting beyond the younger 
buds as in murieata. Thus with respect 
to the relative length of the bracts~ a 
striking feature of the inflorescence (Fig. 
14)~ these hybrids are strongly matro- 
clinous. 

Mature buds. About 4"5 era. long. Cone 
variable in size. 

Younger buds projecting beyond the 
bracts as in biennia. Thus with respect 
to the relative length of the bracts~ a 
striking feature of the inflorescence (Fig. 
15)~ these hybrids are strongly matro- 
clinous. 

Mature buds. About 4'5 era. long. Cone 
variable in size. 

Fig. 10. Rosette of hybrid i murieata X biennis~ nearly mature~ a close cluster of broadly- 
elliptical ~ crinkled leaves. Patroclinous in general morphology, but showing strong 
evidence of the influence of the murieata parent in the varied forms of the leaves rela- 
tively not so broad as those of biennis. Compare with Fig. 3, biennis~ and contrast with 

Fig. 11~ biennis X muricata. 

Sepal tips shorter and thicker as in 
murieata (Fig. 16. m X b), and there- 
fore matroclinous. Pubescence of sepals 
and ovaries an evident blend. 

Petals. 0"8--1"4 cm. long7 smaller than an 
average between the parents. 

Large and small flowers may he on 
the same plant~ and in varying shades of 
yellow. 

Sepal tips long and slender as in 
biennis (Fig. 16~ b X m)~ and therefore 
matroclinous. Pubescence of sepals and 
ovaries an evident blend. 

Petals. 0"8--1"4 cm. long~ smaller than an 
average between the parents. 

Large and small flowers may be on 
the same plant~ and in varying shades 
of yellow. 
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Stigma lobes. 2--5 ram. long, generally 
projecting somewhat beyond the anthers 1). 

Capsules. Generally stunted and irregular 
in form because of the small yield of 
seeds when self-pollinated. 

Stigma lobes. 2--5 ram. long~ generally 
project~g somewhat beyond the anthers ~). 

Capsules. Generally stunted and irregular 
in form because of the small yield of 
seeds when self-pollinated. 

The  pecul iar i t ies  of the  rec iprocal  crosses  muricata X biennis and 
biennis X muricata seem to me to lie not  so much  in the  marked  t en -  

Fig. 11. Rosette of hybrid, biennis X muricata~ nearly mature, a loose cluster of narrow- 
elliptical, plane, leaves. Strongly patroclinous in general morphology, but showing some 
evidence of the influence of the biennis parent in leaves somewhat broader and less 
clearly toothed than those of muricata. Compare with Fig. 4, muricata~ and contrast 

with Fig. 10, muricata X biennis. 

dencies  of cer ta in  of the i r  cha rac te r s  to resemble  those  of the i r  pa r en t s  
as in the  s t r ik ing  differences  which  t hey  exhibi t  when  compared  wi th  
one another .  I n  this r e spec t  m y  cul tures  fully confirm the  observa t ions  

1) Possibly because the anthers are generally somewhat shriveled, frequently sterile, 
or producing only a small quantity of pollen. 
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reported by DE VRIES. Throughout the entire life history contrasting 
differences are obvious as presented in the comparison outlined above. 
Even in the youngest  stages the cultures of the reciprocals can be 
readily distinguished and from the time when the rosettes are hMf grown 
the differences become very apparent. The contrasts are well illustrated 

Fig. 12. Mature plant of hybrid, muricata X biennis. Showing few (only one) side 
branches from the rosette; a foliage of broadly-elliptical~ almost plane leaves. Patro- 
clinous in the form of the leaves which present~ however, strong evidence of the influence 
of the muricata parent in being relatively not so long or so broad as those of biennis. 

Compare with Fig. 6~ biennis, and contrast with Fig. 13~ biennis X muricata. 

by comparisons of the figures of corresponding stages of development (1) 
cotyledons, Fig. 1; (2) young rosettes, Fig. 2; (3) mature rosettes, Fig. 10 
compared with Fig. 11; (4) mature plants and foliage, Fig. 12 compared 
with Fig. 13; (5) inflorescence and foliage, Fig. 14 compare4 with Fig. 15; 
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(6) buds, Fig. 16. Only in flower structure as DE VinES has reported, 
are differences between the reciprocals difficult to determine. The flowers 
of my cultures have presented such wide variations in size and relations 
of parts that i have been unable to distinguish constant contrasting 
characters worthy of note. 

Fig. 13. Mature plant of hybrid, biennis X murieala. Showing absence of side branches 
from the rosette; a foliage of narrow elliptical, revolute or keeled lcaycs. Patroelinous 
in the form of the leaves which present, however~ evidence of the influence of the 
biennis parent in being relatively somewhat longer and broader than those of muricata. 

Compare with Fig. 7, murieata, and contrast with Fig. 12~ murirata )< biennis. 

A striking" feature of the reciprocal crosses is the diminished vigor 
expressed throughout their entire life histories. Young rosettes are 
smaller than those of the parents of corresponding age. ~lature rosettes 
are markedly smaller and fail to send up numerous side shoots as do 
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the parents. Mature plants are not so large or so stocky. Fewer 
flowers come to bloom and the flowering season is much shorter. The 
flowers average much smaller than the mean of the parents. Sterile 
anthers are very common and the output of pollen is very much re- 

Fig. 14. Inflorescence of hybrid: muricala X biennis. Strongly matroelinous in the 
bracts projecting beyond the younger buds. At the right is a leaf from near the base 
of the main stem, patroelinous in form but showing the influence of the muricata parent 
in being irregularly toothed. Compare with Fig. 8~ biennis 7 and Fig. 9~ muricata, and 

contrast with ~'ig. 15, biennis X murieata. 

duced. The capsules give a very small yield of seeds. Many of these 
points are noted by DE VRIES who also reports the cross biennis X 
muricata to be extremely susceptible to a rot caused by Botrytis, which 
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for tunately  has not as ye t  seriously troubled my cultures. Emphasis 
should be placed on this weakened vigor of the hybrids as compared 
with the parents since hybrids of Oenothera in the F1 generally appear 
to be fully as vigorous as their  parents if not more so. 

-Fig. 15. Inflorescence of hybrid~ biennis }( muricata. Strongly matroclinous in the 
~ouds projecting far beyond the bracts. At the right is a leaf from near the base of 
~he main stem, patroclinous in form but showing the influence of the biennis parent in 
~being obscurely toothed. Compare with Fig. 8, biennis, and Fig. 9, murieata, and contrast 

with Fig. 14, muricata X biennis. 

Great  stress is ]aid by DE Vnms on the patroclinous tendencies 
vf the hybrids which with respect to certain characters are said so 
near ly  to duplicate the pollen parents as to just ify the formulae 
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biennis }4 muricata -~ muricata and muricata X biennis z biennis. Ac- 
cording to DE VRIES the hybrids are notably patroclinous in the morphology 
of the rosettes, in the color and morphology of the foliage, in the character 
of the branches whether straight (biennis) or nutant (muricata) and 
whether firm (biennis) or weak and susceptible to the Botrytis rot 
(muricata), in the color of the petals whether a dark yellow (biennis) 
or a lighter yellow (rnuricata), in the pubescence of the calyx, ovary and 
capsule. DE VRmS states that some characters, especially those of 
flower structure, a r e  present in the hybrids as blends. Obviously the 
application of the term patroelinous is relative to the degree of resem- 
blance and a plant with respect to certain characters may be more or 
less patroclinous according to the judgment of different observers. The 
attitude of DE YRmS has its chief interest with reference to the con- 
ditions reported by him in the double reciprocal, sesquireciprocal and 
iterative hybrids. These I shall not discuss until I have carried my own 
crosses into further generations. 

At present in my studies I am impressed not so much by the 
patroclinous tendencies of the hybrids as by the fact that however far 
the resemblance of a character to the pollen parent may be manifest the 
hybrid does not appear to duplicate exactly the structure in question. 
Thus the two sets of the hybrid rosettes differ strongly from one another 
but are not exactly like either parent. The foliage of the hybrids does 
not duplicate the foliage of the pollen parents; there are differences in the 
size and proportions of the leaves and in the serration of the margins. 
Branches on the same plant may be both straight and nutant. The 
color of the foliage is variable over younger and older portions of a 
plant and the depth of color in the petals is variable in smaller and 
larger flowers on the same plant. The pubescence of the sepals, ovaries 
and capsules on my hybrids has appeared as a blend. Furthermore, 
the hybrids are certainly matroclinous in the length of the bracts rela- 
tive to the length of the buds thus contradicting in the inflorescence 
the general patroclinous tendencies throughout the plants. And, as 
DE VRIES has noted, the flower structure presents blended relations of 
its parts in varying degrees. Thus to me the conclusion of greatest 
importance i s  the recognition of the influence of both parents in the 
hybrids even in structures where the patroclinous and matroclinous 
conditions are most conspicuous. 

Two investigators have taken the patroclinous tendencies of the 
hybrids of biennis and muricata to mean that the characters concerned 
are absolutely identical with the same characters of the pollen parent. 
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GIGLIO-TOs ('11) has found in the phenomenon confirmation of certain 
of his laws of hybridization. GOLI)SC~5~IDT ('12) has suggested merogony 
as an explanation and has published an account which claimed that the 
female nucleus in the the embryo sac failed to fuse with the male and 
finally disintegrated leaving the male nucleus alone to initiate and 
carry forward the development of the embryo; a doubling of the 
chromosome number in the descendants from the male nucleus was 
assumed to take place at an early stage of embryo development. 
Neither of these authors appears to have been sufficiently familiar 

Fig. 16. Mature buds. Bienni C sepal tips long and slender, bracts a/+--1/2 length of 
the bud. Muricata, sepal tips shorter and thicker, bracts a/,--7/s length of the bud. 
Biennis X m~ricata: matroclinous in having sepal tips long and slender~ and bracts 
~/~--~/2 length of the bud. Muricata X biennis, matroclinous in having sepal tips shorter 

and thicker, and bracts 2/8--8/, length of the bud. 

with the material to know that the patroclinous behavior does not 
mean absolute identity of structure and that in these crosses there is 
abundant evidence of hybrid organization even though partially obs- 
cured by their strong resemblance in certain characters to the pollen 
parents. The statements of GOLDSCH1VIIDT have since been refuted by 
his colleague I~ElVNE~ ('13) who reports normal fertilization in the hybrid 
biennis X muricata and an embryo with the normal diploid number of 
chromosomes. 

It  would seem premature to discuss at this time hypotheses which 
have been advanced by DE VRIES, or other views that may be suggest- 
ed to explain the peculiarities of these hybrids. We shall shortly, 
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I trust, have information on the cytological conditions throughout the 
life history of the hybrids that may make it possible to understand their 
remarkable behavior. These reciprocals are of extraordinary interest 
only surpassed by the conclusions reported by DE VINES for the double 
reciprocals, sesquireciprocals and iterative hybrids. 

(2) Reciprocal Crosses between Oenothera  b iean is  Linnaeus 

and O. franciscana Bartlett. 

These reciprocal hybrids involved the Dutch biennis of the same 
parent stock as that employed in the cross with O. muricata where its 
description will be found. The other p a r e n t w a s  a species recently 
isolated by BARTLETT ('14) from among the oenotheras of the Pacific 
coast and named by him Oenothera franciseana. BARTLETT obtained 
the plant through seed collected at Carmel Beach, Monteray County, 
California, by Prof. CHARLES P. SMITH in 1905. BARTLETT has grown 
the plant through three successive years and found it stable. I had 
last summer (1913) a culture of 52 plants from self-pollinated seeds 
supplied by BARTLETT and noted no tendency to depart from the type. 
The plant has also come to me .through seed collected in San Mateo 
County, California, by Miss ALICE EASTWOOD. From this wild seed 
I grew last summer 140 plants which were uniform and of the same 
general type as the descendants of the plant from Monteray County. 
It is pr0bable that Oenothera franciscana is not uncommon in certain 
regions of California and it may prove to be widely distributed. 

Mr, BARTLETT first called my attention to Oenothera franciseana 
as a plant having characters which in combination with those of the 
Dutch biennis might give hybrids very close to O. Lamarckiana 
DE VI~IES, and in 1912 ~ we made reciprocal crosses between the species, 
exchanging pollen by post so that he made the cross franciscana X bi- 
ennis in his garden at Washington and I the reciprocal cross, biennis 
X franciscana in my garden at Philadelphia. The reciprocal hybrids 
from these pollinations, grown in my garden in 1913, furnished the 
material for this account. 

I shall not in this paper discuss the points of resemblance of 
these hybrids to Oenothera Lamarckiana DE V~IES, further than to 
state that certain plants appeared to have all of the essential taxonomic 
characters of the small-flowered forms of Lamarckiana; they differed 
in relatively small plus or minus expressions of certain peculiarities. 
Another year further generations from some of these F1 hybrids will 
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be grown in the hope of finding a sufficient range of variation to give 
material for selection towards the large-flowered Lamarcl~iana of DE 
VRIES. I expect to publish the results of these studies in a later paper 
accompanied by illustrations and giving detailed comparisons between 
the parent plants, and of the hybrids with the parent plants and with 
Lamarckiana. 

In this paper I shall consider the hybrids only in comparison with 
one another and with the parents, making clear certain sharp distinc- 
tions between the reciprocal crosses and certain marked patroclinons 
tendencies towards the parents. 

First a brief description of Oenothera franciscana Bartlett will 
be given that its points of contrast with O. biennis Linnaeus, described 
on pages 174 and 175 of this paper, may be made clear. 

Cotyledons. 8--9 ram. long, broadly elliptical and long-petioled. 
Young rosettes. A close cluster of elliptical leaves not so broad as those of biennis 

and with longer petioles. 
Mature rosettes. 3"5--4"5 din. broad. Leaves relatively longer and not so broad as 

those of biennis, less strongly crinkled but like biennis forming a close cluster. 
A marked tendency to send out side branches before the central shoot. 

mature plants. 1--1"2 m. high, taller than biennis. Central shoot surrounded by nume- 
rous long side branches from the rosette as in biennis. Stems with a heavy 
pilose covering, the long hairs arising from red papillae in sharp contrast to the 
sparsely pilose and wholly green stems of biennis. 

Foliage. Leaves elliptical, narrower and shorter than those of biennis, irregularly 
toothed, crinkled. 

Inflorescence. Bracts 1/a--~/2 length of mature buds, somewhat narrower than those of 
biennis. Younger buds projecting beyond the bracts. 

~a ture  buds. 8"5--9 era. long. Cone 3"2--3"5 era. long, strongly 4-angled. Sepals 
tinged with red in broad lengthwise bands and never wholly green as in biennis 
Sepal tips 5--6  ram. long and thick. Pubescence of sepals and ovaries very 
heavily pilose and puberulent. Papillae on ovary colored red. 

Petals. 3--3"5 cm. long, light yellow. 
Stigma lobes. 4- -5  ram. long, from 5--7 ram. above the tips of the anthers. 
Capsules. 2 '8--3 cm. long, heavily pilose and puberulent. 

The reciprocal crosses between biennis and franciscana were 
grown in 1913. From 652 seeds of franciscana >( biennis a total of 
328 seedlings were obtained, the seed pans being kept 4--.7 weeks. 
About ~/2 of the seedlings and rosettes were strongly etiolated and weaki 
ranging through intermediates of light green to rosettes of normal color 
and strength. I have never before met with a large group of etiolated 
rosettes in an F~ generation, and have no explanation of the pheno- 
menon to suggest unless it be possible that the pollen of biennis sent 
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in unopened  buds to W a s h i n g t o n  in m a k i n g  the  cross  may  have  de- 
t e r io ra ted  dur ing the  two or th ree  days  before  i t  could be applied. All 

of the  rose t t e s  of normal  color and s t r eng th  were  se t  out  and some of 
a l igh te r  shade of green,  a to ta l  of 165 p lan t s  cons t i tu t ing  Culture 
13"35, franciscana X biennis. Of these ,  49 rose t t e s  in the  group  

l igh te r  in color fai led to develop shoots  dur ing the  summer  but,  never -  
theless,  g r e w  into l a rge  rose t t e s  which  bid fa i r  to surv ive  the  winter .  
I ob ta ined  about  90 p lan ts  t h a t  put  for th  s t rong  cen t ra l  shoots  and 

numerous  side b ranches  f rom the  rose t t e s ;  the  r ema inde r  were  less vig-  
orous  in the i r  development .  F r o m  381 seeds of the  cross  biennis >( 
fra~eiscana 167 seedl ings were  obtained,  the  seed pans  be ing  kep t  
6 - - 7  weeks.  The  seedl ings were  all no rmal  i~ color ~nd s imilar  to 

~ n e  another .  F r o m  these  150 p lan t s  were  b r o u g h t  to m a t u r i t y  (1 dwarf  

excepted) ,  forming the  cul ture  13"36, biennis X franciscana. The  char-  
r a c t e r s  of these  rec iprocal  crosses  are  as follows: 

18"857 franciscana X bieunis. 
Cotyledons. About 6 ram. long, broad at 

base and short-petioled, Similar to biennis. 
Young rosettes. Leaves broadly-elliptical 

or ovate, short-petioled, resembling biennis. 
Mature rosettes. 4--4"5 din. broad. Leaves 

broadly-elliptical or spatulate, strongly 
crinkled. Clear evidence of a blend in 
the form of the leaves with, however, 
patroclinous tendencies. Matroclinous in 
the tendency to send out side branches 
before the central shoot. 

Mature plants. About 1 m. high. Nume- 
rous side br~nehes from the rosette in 
length almost equal to the central shoot, 
resembling biennis. Stem with a much 
less heavy pubescence as in biennis, the 
long hairs arising from red papillae 
(green in biennis). 

Foliage. Leaves more broadly-elliptical 
but not so broad or so long as those of 
biennis. Patroclinous although clearly 
somewhat of a blend. 

Inflorescence. Bracts 1/4--1/~ length of ma- 
ture buds, relatively broad as in biennis. 

Mature buds. 6"5--7 cm. long. Cone less 
strongly 4-angled. Sepals tinged with 
red, varying in i t s  depth of color; sepal 
tips slender as in biennis. Pubescence of 

13"36~ biennis X francisCana. 
Cotyledons. 7--8 ram. long, broad at base 

and long-petioled, more like franeiseana. 
Young rosettes. Leaves narrow-elliptical, 

long-petioled, resembling franeiscana. 
Mature rosettes. 3'5--4 din. broad. Leaves 

narrow-elliptical or spatulate, less crinkled 
or almost plane. More strongly pa- 
troclinous in the form of the leaves and 
the lesser degree of their crinkling. 
Matroclinous in promptly sending up 
the central shoot. 

Mature plants. About 1'2 m. high. Nume- 
rous side branches from the rosette, 
shorter relative to the length of the 
central shoot, resembling franeiseana. 
Stem with a pubescence almost as heavy 
as in franeiseana, the long hairs arising 
from red papillae. 

Foliage. Leaves more narrowly-elliptical 
but broader and longer than those of 
franeiseana. Patrocllnous although clearly 
somewhat of a blend. 

Infloresceuce. Bracts 1/~--1/2 length of ma- 
ture buds, more narrow as in franciscana. 

Mature buds. 6"5--7 cm. long. Cone 
strongly 4-angled. Sepals tinged with 
red varying in its depth of color~ sepal 
tips thick as in franeiseana. Pubescence 
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sepals much less heavy, resembling that 
of biennis. 

Petals. 2'1--2"4 cm. long. 
Stigma lobes. 6 - -7  ram. long, varying 

from slightly above to slightly below 
the tips of the anthers, longer than those 
of either parent. 

Capsules. 2--2"8 cm. long, shorter and less 
heavily pubescent, resembling biennis. 
Papillae red. 

of sepals very heavy resembling that of 
fran~qseana. 

Petals. 2"3--2"5 cm long. 
Stigma lobes. 6--7 ram. long, varying 

from slightly above to slightly below 
the tips of the anthers, longer than those 
of either parent. 

Capules. 2"2--3 era. long, longer and more 
heavily pubescent, resembling franciscana. 
:Papillae red. 

It is clear that the reciprocal crosses of biennis and franciscana 
present a situation similar to that described for the reciprocals of 
biennis and muricata. The reciprocal crosses exhibit striking contrast- 
ing differences and in certain characters strongly resemble the pollen 
parents. The points of greatest contrast are (1) in the leaf forms of 
the young and old rosettes and in the degree of crinkling, (2) in the 
degree of pubescence on the stems, sepals, and capsules, (3) in the size 
and habit of the mature plants, and in the forms of the foliage and 
bracts, (4) in the character of the sepal tips and in the form of the 
bud cone, (5) in the length of the capsules. The flower structure of 
the hybrids, with a somewhat wide range of variation, does not present 
very striking differences in the size of the petals or in the position of 
the stigma relative to the tips of the anthers although the parents in 
these characters offer sharp contrasts. 

The patroclinous tendencies are expressed most strongly in the 
contrasting characters listed in the paragraph above. The hybrids 
proved to be matroelinous in the time of the appearance of the side 
branches from the rosette relative to the growth of the central shoot. 
The influence of the maternal parent upon the hybrids was apparent 
even when characters were most strongly patroclinous and I found no 
certain evidence that any parental character is ever exactly duplicated 
in the hybrid except that of red coloration considered below. 

In one character there was presented a form of relative dominance 
of franciscana over biennis. The red coloration of the stem papillae 
and of the sepals conspicuous in franciscana and absent in biennis, 
was exhibited by both hybrids. Thus franciscana X biennis was ma- 
troclinons with respect to these color characters and biennis X francis- 
cana was patroclinous. The depth of red in the sepals of the hybrids 
varied somewhat widely, in some plantsbeing much lighter than that 
of the parent franciscana and in other plants being fully as dark. The 
relative numbers of papillae over the stems of the hybrids followed 
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closely the conditions of the pollen parents but the coloration appeared 
to be uniformly red as in franciscana. This is the first instance in 
my experience with hybrids of Oe~wthera where a character of one 
parent has appeared as dominant in the Mendelian sense. It  is note- 
worthy that this should be a character of color. GATES ('12) has re- 
ported dominance of red in crosses between O. rubricalyx and certain 
other oenotheras with a segregation in the F~ generation, and HEnmERT- 
NILSSO~ ('12) found similar behavior of anthocyan coloration in his 
extensive studies on forms of Lamarckiana and its derivatives. :[ shall 
follow with interest the behavior in the F2 of the red coloration of 
the sepals and papillae in the hybrids between biennis and franciscana. 

The reciprocals of biennis and franciseana differed strikingly from 
those of biennis and muricata in being conspicuously vigorous, in pro- 
ducing abundant pollen, in maturing a large yield of seed, and in having 
a long flowering season. There was no evidence of diminished vigor 
and the prospects of obtaining a large progeny in later generations 
seems good. The cross may then prove to be exceptionally favorable 
in comparison with the results reported by ])E VRIES for hybrids of 
biennis and muricata. The hybrids of biennis and franciscana exhibit 
strong patroclinous tendencies in the morphology of the rosettes, in 
the pubescence of the stem, sepals and capsules, in the habit, foliage 
and bracts of mature plan~s, in the form of the sepal tips, and in the 
length of the capsules. Here is excellent material for examination 
through the progeny of the selfed reciprocals, double and sesquirecip- 
rocals, and in the iterative hybrids; they will form the subjects of 
future studies. 

(3) Reciprocal Crosses between Oereothera b i enn i s  Linnaeus and 
0.  grandi l~ora Solander. 

My observations on these reciprocal hybrids are based on cultures 
grown in 1912 of crosses between the Dutch biennis of the same stock 
employed in the studies previously described in this paper and a race 
of grandiflora from wild seed collected at Dixie Landing, Alabama. 
The grandiflora, known as grandiflora D in my cultures, has been de- 
scribed in  an earlier paper (DA~s '11, p. 205--207) chiefly in relation 
to certain American oenotheras at that time designated in my cultures 
as  biennis A and biennis B. These two forms, biennis A and B, are 
essentially the same and very different from the Dutch biennis 
(0.~ biennis Linnaeus); they must eventually be given another name. 
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The race grandiflora D is representative of the broader-leaved forms of 
grandiflora. 

It is only necessary at this time to give such characters of gran- 
diflora D as offer the most striking points of contrast to those of the 
Dutch biennis, which characters may be compared with the description 
of the latter species to be found on pages 174 and 175 of this paper. 

Mature rosettes. 2--2"5 dra. broad. A loose cluster of broadly-elliptical leaves, irregu- 
larly and sometimes deeply toothed at the base, with reddish blotches and but 
slightly crinkled (see DAVIS '11, Fig. 6). The rosettes are transitory sending up 
very quickly the central shoot and consequently under favorable conditions 
strictly annual. 

Mature plants. 1 '5--2 m. high. A strong central shoot frequently with long branches 
from the base of the plant, generally profusely branched above (see DAVIS q l ,  
Fig. 7). Stems reddish, green only at their tips, papillae following the color of 
the stem. 

Foliage. Leaves below ovate or broadly-elliptical, scarcely half the length of the 
leaves of biennis. 

Inflorescence. Bracts 1/4--1/e length of the mature buds, broadly-lauceolate, persistent 
so that the fruiting branches remain leafy (see DAVIS '11, Fig. 8); those of 
biennis are likely to lose their bracts. Buds less closely set in the spike than 
in biennis. 

Mature buds. 9--10 era. long. Cone 4--5 em. long, scarcely angled. Sepals marked 
with reddish spots and blotches. Sepal tips 9--12 ram. long, very slender (see 
DAvis q l ,  Fig. 4). 

Petals. 3"3--3"5 era. long (see DAvis q l ,  Fig. 8). Flowering period late in the season 
(biennis flowers early). 

Stigma lobes. 6--7 ram. long, generally 2--5 mm. above the tips of the anthers; those 
of biennis are usually about 3 tara. below. 

Capsules. 2 5 - - 3  cm. long. 

From 261 seeds of the cross grandiflora X biennis 170 seedlings 
were obtained from seed pans kept for 5 weeks; 131 plants (culture 
12"48) were brought to maturity. In the reciprocal cross, biennis X gmndi- 
flora, 174 seeds gave after 5 weeks in the seed pans 120 seedlings of 
which 11'2 plants matured (culture 12"49). The two cultures presented 
the following contrasting characters: 

12"~8~ g r a n d i f l o r a  X biertnis.  

Mature rosettes. Leaves broader and with 
shorter petioles, and consequently some- 
what more closely clustered (a patro- 
clinous tendency). Clear evidence of a 
blend of tile parental characters. Some 
rosettes heavily blotched with red, some 
a]raost clear green. :Patroclinous in the 
delayed appearance of the central shoot. 

12"i9~ biertnis  )< grand i f l o ra .  

Mature rosettes. Leaves narrower and with 
longer petioles, and consequently some- 
what more loosely clustered (a patro- 
clinous tendency). Clear evidence of a 
blend of the parental characters. Some 
rosettes heavily blotched with red, some 
almost clear green. Patroclinous in 
quickly sending up the central shoot. 
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Mature plants. About 1'2 m. high, patro- 
clinous. Few long side branches from 
the rosette but these relatively longer 
than in the reciprocal, although not so 
long as in biennis (Fig. 17). Stems more 

Mature plants. About 1"7 m. high, patro- 
clinous. Few long side branches from 
the rosette but these relatively shorter 
than in the reciprocal, although much 
shorter than in grandiflora (Fig. 18). 

Fig. 17. Mature plant of hybrid, grandiflora X biennis. A foliage of broadly-elliptical 
leaves in form patroclinous. Compare with Fig. 6, and contrast with Fig. 18. 

.red than in the reciprocal, in color inter- 
mediate between the parents. 

Foliage. Leaves broadly-elliptical, broader 
than in the  reciprocal, but not so large 
as in biennis. Patroclinous although 
clearly a blend. 

Stems less red than in the reciprocal, in 
color intermediate between the parents. 

Foliage. Leaves elliptical, narrower than 
in the reciprocal, but larger than in 
grandiflora. Patroclinous although clearly 
a blend. 
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Inflorescence. As denser spike, the bracts 
inclined to fall off, patroclinous. 

Buds. 7--8 cm. long. Sepals frequently 
with faint reddish spots showing influence 
of the maternal parent. Sepal tips more 
attenuate, somewhat matroclinous. 

Inflorescence. A looser spike, bracts per- 
sistent becoming leaf-like, patroclinous. 

Buds. 6"5--7 cm. long. Sepals generally 
green showing the influence of the 
maternal parent. Sepal tips less attenuate, 
somewhat matroclinous. 

Fig. 18. Mature plant of hybrid, biennis )< grandiflora. A foliage of 
elliptical leaves, narrower than in the reciprocal cross, in form patroclinous 

but with clear evidence of biennis influence. 
Contrast with Fig. 17. 

Petals. 2"3--3 cm. long. Patroclinous in 
flowering early in the season. 

Stigma lobes. 2- -3  ram. below the tips 
of the anthers, patroelinous. 

Capsules. 2--2 '2  cm. long, patroclinous as 
to size. 

Petals. About 2 cm. long. Patroclinous 
in flowering later in the season. 

Stigma lobes. On a level with or slightly 
above tips of anthers, patroclinous. 

Capsules. 2"5--3 cm. long, patroclinons as 
to size. 
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As in the crosses previously considered the reciprocal hybrids of 
biennis and g~:andiflora in certain characters strongly resemble one or 
the other of their parents and show corresponding points of contrast 
when compared with one another. They resemble the pollen parent and 
are consequently patroelinous (1) in the morphology of the rosettes and 
in the relative promptness with which the rosettes sent up their central 
shoots, (2) in the height and branching habit of the mature plants, (3) in 
the form of the leaves, (4) in the morphology of the inflorescence, (5) in 
the position of the stigma relative to the anthers, (6) in the time of 
flowering, (7) in the length of the capsules. A matroclinous tendency 
was exhibited in the form of the sepal tips, and in the greater amount 
of anthoeyan pigmentation on the stem and sepals of the hybrids from 
seed developed on grandiflora. 

Here, as in the other crosses, I have failed to find certain evidence 
that any character of the pollen parent appears in the hybrids in ab- 
solutely pure form. Apparently there can always be discovered some 
evidence of the influence of both parents in the modified expression of 
the characters examined even where patroelinous or matrocliuous ten- 
deneies are most strongly shown. 

The behavior of anthocyan in the hybrids of biennis and grandiflora 
was not so sharply defined as in the crosses between biennis and fran- 
ciscana. The coloration was expressed in varying degrees and was 
sometimes absent in structures where its presence was to be expected. 
Thus some rosettes of both reciprocals were almost clear green although 
those of the grandiflora parent are usually heavily blotched with red. 
This is difficult to explain on the Mendelian theory of dominance except 
on the supposition that this race of grandiflora is heterozygous for 
anthocyan coloration and forms some gametes carrying few or none of 
the factors responsible for this character. It  is true that  grandiflora 
exhibits much variation in the amount of anthocyan pigmentation, but 
the race employed in this study has always produced plants that are 
well colored. 

The hybrids of biennis and grandiflora are vigorous and produce 
an abundant yield of seed over a long flowering season. The parents, 
however, do not lend themselves so readily to the comparison of con- 
trasting characters and for this purpose the cross is not so favorable 
as that between biennis and franciscana. 
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(4) Reciprocal Crosses between Oenothera m u r i c a t a  Linnaeus 
and O. gigas de Yries, 

This is a cross upon which I have been at work for three years 
but I have met with serious difficulties in the apparently very common 
sterility of the F1 hybrids. It  is an exceedingly attractive cross to 
make because the parents differ so widely in the expression of their 
characters and because gigas having 28 chromosomes and mm'icata 14 
the hybrids should present exceptionally interesting material for cyto- 
logical study. 

My first cross was a race of muricata from Woods Hole, Massa- 
chusetts (muricata W) pollinated by gigas, the F~ generation being grown 
in 1909; the reciprocal of this cross was not made at that time. This 
culture is described in the first of my "Genetical Studies an Oenothera" 
(DAvIs '10, p. 109). It consisted of 12 plants of which 6 inclined 
towards the muricata parent and 6 showed a greater resemblance to 
gigas. Both groups presented their characters as intermediate between 
the parents and therefore no character of either parent was duplicated 
in the hybrids. At the time they seemed to me to illustrate the phen- 
omenon of "twin hybrids" reported by DE VRIES for numerous crosses 
between species of the Onagra group and Lamarckiana or one of its 
derivatives. 

The differences between the two groups (6 ~ - 6 )  of this cross 
(muricata W X gigas) were chiefly those of habit and foliage. The 
6 plants that resembled gigas most strongly had rosettes of broader 
leaves, conspicuously crinkled, but the leaves were not so broad as those 
of gigas. At maturity these plants presented a more stocky gigas-like 
habit with broader, Crinkled leaves, but these leaves also were relatively 
not so broad as those of gigas. The 6 plants that inclined towards 
muricata had rosettes of narrower, plane leaves, but these were broader 
than those of muricata. At maturity the plants were less stocky and 
had a foliage of narrower leaves although they were both longer and 
~--3 times broader than those of rnuricata W. In the inflorescence, 
flowers, and capsules, patroclinous and matroclinous tendencies were less 
evident, the form and measurements of the structures being intermediate 
between the parents, except that the flowers in size were below the 
mean of the parents and therefore closer to muricata although larger 
than in this species. 

This first cross, muricata W X gigas, has given, I believe, the only 
hybrids between these species, so far grown, that have proved fertile 
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when selfed. DE V~ES ('13, p. 181) reports that attempts to self-polli- 
nate reciprocal crosses between the Dutch muricata and gigas have proved 
ineffective and my later experiments have so far failed in the attempt 
to obtain seed from the F1 hybrids. In my last effort (1913)I adopted 
a suggestion of Prof. DE V~IES and grew reciprocal hybrids between the 
Dutch muricata and gigas in a soil treated with bone meal about 1 kilo- 

Fig. 19. Rosette of hybrid, 12"12 ga, gigas X muricata W~ nearly mature, leaves 
somewhat crinkled in older rosettes. Clearly a blend of parental characters. 

gram to each square meter, but, although the cultures were vigorous 
and flowered very freely, I obtained no seed after numerous self-polli- 
nations. Although there is much evidence that this self-sterility of the 
F1 hybrids between muricata and gigas is due to physiological causes 
rather than to peculiarities of gametic constitution it is not clear where 
the difficulties lie. 

My second study also involved the race of muricata from Woods 
Hole. A cross 12'19 gigas X muricata W gave a very small yield of 
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seeds most of which were obviously ill developed. From the contents 
of 6 capsules, 138 seeds (?), only 11 seedlings were obtained in seed 
pans kept for 8 weeks; these 11 plants were brought to maturity. The 
reciprocal cross 19"13 muricata W X gigas yielded a somewhat better 
harvest; 8 capsules gave about 900 seeds (?), but only 85 seedling 

Fig. 20. Nature plant of hybrid, 12"12 ga, gigas X muricala W, habit and foliage 
intermediate between tile parents. At  the left is shown a dwarfed plant, 12"12ma~ 

differing from its sister~ 12"12 ga~ chiefly in reduced vigor. 

developed after 8 weeks; 40 plants were brought to maturity. The plants 
of these two reciprocal crosses were so similar to one another, except 
for 4 individuals, that I was unable to find distinguishing peculiarities 
of importance. They presented the characters of the parents closely 
intermediate and without marked patroclinous or matroclinous tendencies, 
except in the 4 peculiar plants to be described later. 
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The plants were apparently completely sterile when selfed and also 
sterile when reciprocally crossed. My data on this matter is as fo l lows : -  
plant 12"12ga, 26 times selfed, 29 times pollinated by 12"13ga; plant 
12"12ma, 31 times selfed, 19 times pollinated by 12"13ga; plant 12'13ga, 

Fig. 21. Inflorescence of hybrid, 12'12ga, gigas X ~nuricata W., resembling 
more closely the gigas parent but with clear evidence of muricata influence. 

At the right is a leaf from the base of the main stem. 

24 times selfed, 19 times pollinated by 12"1~ga, plant 12"13ma, 5 times 
selfed, 7 times pollinated by 12"12ga. These hand pollinated flowers, 
160 in all, failed to develop a single capsule, the ovaries shriveling and 
falling off. These plants, however, as well as all others in the culture 
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when insect pollinated developed capsules with seeds in abundance. 
This shows that the self-sterility was not due to abnormalities in the 
ovules but must be concerned either with the male gametes or with a 
failure on the part of the pollen tubes to reach the embryo sacs.  

A brief description will now be given of the plants in the recip- 
rocal crosses considered above, 12"12 gigas X muricata W, and 12"13 
muricata W X gigas. The 4 exceptional plants in these cultures will 
be treated separately. 
~[ature rosettes. Leaves broadly spatulate (Fig. 19), somewhat crinkled in older rosettes 

clearly a blend of parental characters. A slightly darker shade of green in 12"12 
than in 12"13 and consequently somewhat patroclinous in color. 

Mature plants. About 1"5 m. high, somewhat taller in 12"13; long branches from the 
base of the plants (Fig. 20). In habit intermediate between the parents. 

Foliage. Leaves similar in both crosses, crinkled~ broader than those of muricata, but 
longer than those of gigas (Figs. 20, 21). In form closely intermediate between 
the parents. 

Inflorescence. Bracts 1/ 1/~ length of mature buds~ lanceolate, broad at the base 
(Fig. 21). Inflorescence in both cultures resembling more closely the gigas parent 
but with clear evidence of murieata influence. 

l~ature buds. About 7 cm. long. Cone stout, 4-angled (Fig. 21). Sepals green or with 
faint reddish streaks. SepM tips relatively short and thick. In  both form and 
size the buds are closely intermediate between the parents. 

Petals. 2"2--2'4 cm. long. In  size somewhat below a mean between the parents and 
therefore inclining towards muricata. 

Stigma lobes. Slightly below the tips of the anthers thus resembling murieata. 
Capsules. Developed when open pollinated. In  form intermediate between the parents 

but smaller than the mean. 

There remain for consideration 4 exceptional plants present in 
cultures 12"12 and 12"13. The first of these, 12"12 ma, was evidently 
a dwarfed form differing from its 10 sister plants chiefly in reduced 
vigor. This plant is shown in Fig. 90 at the left of the type repre- 
sentative of the cross. It  was a shorter plant, sparsely branched, and 
with reduced foliage, but the inflorescence, buds, and flowers presented 
the characters of the culture as a whole. The cross 12"12, gigas X 
muricata W, could not then be said to show more than one type of 
hybrid. Somewhat different was the situation in culture 12"13, 
muricata W X gigas. Among the 40 rosettes of this cross 3 plants 
were early distinguished by their very narrow leaves, which in the 
mature rosettes (Fig. 22) were similar in form to those of muricata. 
The mature plants, 1--1"3 m. high, were shorter than the sister plants 
constituting the mass of the culture, and sparsely branched. In 1 plant, 
12"13 ma, the foliage continued to be narrow-leaved, but the other 2 
plants outgrew this condition of their rosettes and developed a broad- 
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leaved foliage similar to that of the culture as a whole. Buds and 
flowers of all 3 plants agreed closely with the mass of the culture. 
Thus in this culture, 12"13 muricata W X gigas, as in the same cross 
grown in 1909 there were presented two groups of plants but  the 
narrow-leaved type was perfectly represented by only one individual 
since the other two plants outgrew largely the indications o f  their  
rosette stages. The .presence  of these two transitional or intermediate 

Fig. 22. Rosette of hybrid, 12'13 ma 7 muricata W X gigas. A plant with narrow leaves 
similar in form to those of muricata~ compare with Figs. 4 and 5. This type of rosette 
was represented by 3 individuals in a culture of 40 plants, the mass of which presented 

broad-leaved rosettes of the form shown in F~g. 19. 

plants suggests tha t  the differences between the extremes of the culture 
may not be of the character to be expected when distinct classes of 
hybrids are formed. 

My last crosses between muricata and gigas were grown in 1913, 
the m~rieala parent  being of the race from Holland, isolated by DE 
V~ES, and designated in my cultures as ~nuricata H. As has before 
been stated these cultures were set out in a bed t reated with bone 
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meal, about 1 kilogram to the square meter, but even with this special 
care the cultures proved absolutely sterile when selfed (105 trials) and 
my experience with respect to tile sterility of this cross was the same 
as that of DE VR~ES ('13, p. 181). From gigas pollinated by muricata 
I obtained very small, shrunken seeds (.9) obviously abortive. Some 
1300 of these structures were sown with the result that only 1 plant, 
13"31a, was obtained from seed pans kept 6--7 weeks. The reciprocal 
cross, muricata X gigas, yielded seeds of healthy appearance and from 
224 of these, in seed pans for 5--7 weeks, culture 13"32 was obtained 
of 42 plants. 

The single plant 13"31a, gigas >4 muricata H, and the 42 plants 
in  culture 13"32, muricata H X gigas, proved to be similar to one 
another. They were also essentially indistinguishable from the broader- 
leaved hybrids previously described in which the muricata parent was 
of the race from Woods Hole. There were no narrow-leaved forms 
among the 42 plants of culture 13"32, muricata t t  X gigas, such as 
have been noted by DE Vt~.IES ('13, p. 181) for the same cross and 
such as appeared in my earlier studies in which the muricata from 
Woods Hole was involved. Perhaps the small number of plants in the 
culture did not happen to include any representatives of the narrow- 
leaved types. 

General Considerations. 

The reader of this account will have noted that in the descriptions 
of the reciprocal crosses the terms patroclinous and matroclinons have 
throughout been used in a relative sense. :[ have observed no certain 
evidence that a morphological character of either species in a cross is 
passed on to the F1 hybrids exactly as it is represented in one or the 
other of the parents. Even where the resemblance to one of the parents 
has been strongest, I have always found some trace of the influence 
of the other species. Therefore when the terms patroclinous and matro- 
clinous have been employed to designate a condition in the hybrids the 
meaning has always been that of strong resemblance but not for a perfect 
duplication of the characters concerned. The resemblance of a character 
in a hybrid to that of one of the parents may be very striking, but I 
am not convinced that the exact duplication of a character is ever 
attained in the material under consideration. 

With respect to the characters of morphology it has usually not 
been difficult to find evidence of the influence of both parents however 



904 Davis. 

strong the patroclinous and matroclinous tendencies. With respect to 
the behavior of anthocyan coloration a critical study of the hybrids 
has been puzzling since it is extremely difficult, with this character 
exhibiting wide fluctuations, to judge of its expression in the hybrids, 
whether absolutely dominant or whether present in a modified intensity 
that would signify a blend. The behavior can I think be most satis- 
factorily studied in the coloration of the papillae upon the stem, as 
presented in the hybrids of biennis and franciscana, and I shall hope 
to give it further attention. 

It  is, however, noteworthy that patrocliny and matrocliny are very 
striking phenomena in these hybrids of Oenothera and demand an ex- 
planation which is not yet evident. We have seen that merogony 
(Go]~DSC~IDT '19) will not serve as an explanation for the reason that 
the products of the crosses are undoubtedly true hybrids as shown by 
a critical examination of their characters and because the cytological 
data so far at hand (RE~-t~ER '13) clearly point to a normal process of 
fertilization. If any of the characters of the hybrids exactly duplicated 
those of either parent we might think them examples of sex=limited in- 
heritance, but the evidence is not convincing that exact duplication is 
ever attained even in the most extreme cases of patrocliny. 

There seems at present to be left to us only that vague concep- 
tion of prepotency which is really no explanation althoJugh it serves at 
least to name the phenomenon. There is in these hybrids a strong prepo- 
tency of the male parent over the female although this does not affect 
all of the characters for we have noted conspicuous matroclinous ten- 
dencies most strikingly illustrated in the inflorescence of the crosses 
between biennis and muricata. An important feature of this prepotency 
lies in the fact that it is not a peculiarity of certain individuals of the 
same sex, but that iV is a prepotency of one species over another with 
respect to the characters concerned. Cytological investigations may give 
us the explanation of the problems invoived and the results of such 
studies will be awaited with great interest. 
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